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Foamed thermoplastic polymer and wood fiber profile and member 



(57) Advanced structural components comprising a 
foamed thermoplastic that can be used in virtually any 
application where wooden components have a use. 
Such structural components can comprise sized lumber, 
shaped trim, posts, beams or shaped structural mem- 
bers. An advanced profile composite structural compo- 
nent comprising an exterior capping layer with an inte- 
rior comprising a foamed thermoplastic can be used in 
the assembly of fenestration units adapted to residential 
and commercial structures. Preferably the profile struc- 
tural component can be used in a window or door as- 



sembly. The profile member is adapted for ease of con- 
struction of the fenestration units, can be easily installed 
in a rough opening to framing members, and can be 
trimmed and adjusted on site. The profile is structurally 
strong, thermally stable, shrink resistant and will accept 
and retain the insertion of fasteners such as staples, 
nails and screws permanently with substantial retention 
and little or no damage to the units. The profile structural 
components possess strength that permits the manu- 
facture of a structurally sound fenestration unit from two 
or more foamed profile members or other conventional 
members. 
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Description 

Field ot the Invention 
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roooil The invention relates to materials used in the fabrication ot structural members or tnm etements used in 
construction materials and tenestration units installed in residential and commercial architecture. More Pa^cutarly. the 
invention relates to an improved profile or structural member that can be used as a direct replacement tor wood and 

bers of the invention can comprise sized lumber replacements and structural components with < u "*»™ 
shapessuch as wood and door rails, jambs, stiles, sills, tracks, stop and sash and m.scellaneousU.m elements. F^urther. 
the invention relates to structural Components used in the fabrication ot tenestration units such as wmdows and doors 
for commercial and residential architecture. 

[0002] The structural components are made from an extruded composite polymer foammatenal. The structure ^ com- 
ments of the invention can term high strength joints in the construction assembly. The matena sc^ 
adjusted, shimmed and trimmed with conventional fasteners and techniques. The components have thermal and me- 
chanical properties rendering them durable yet easy to manufacture and install. 

Background of the Invention 

20 [0003] Conventional industrial, commercial and residential architecture commonly involve the use of structural and 
nonstructural components in the assembly of useful units. Such components are otten made fro* .concrete 
Ld. glass or metal. These materials are well known and are well understood in the.r appHcab.lrty to construct™ 

S e wood has been milled into shaped structural components such as sized lumber, trim, post and beam and 
2S have also been used to form structural components that can be assembled with glass to orm door and window un s^ 
Wc^d lumber, trim, post, beam and assembled units comprising wood have obvious uhlrty and are well adapt* tor 
Zyuses in many resident*, or commercial installers. However, the w^ 

circumstances, can have problems. Wood can detertorate due to the effect of fungus and insect attack. Further, wood 
meZrtS suffer from cost problems refcted to the availability of suitable for wood for constn.ct.on purposes and 

30 require substantial upkeep comprising painting or staining. ^w„«.i«i ronrtrue 

Metal, typically aluminum or steel, components are also often used in industrial, commercial* ^"^esjden al ^construc- 
tion Metal components can suffer from rust or corrosion problems and require their own part icular «""^^<£ 
Z maintenance regimen. Vinyl polymeric materials have also been used in formation of structural members and to 
Sing profiles in window and door assembly. Such vinyl materials typically comprise a mapr proport™ o ^a ™y 

as pofcLrwithavarietyofadd^^ 

J!, dye etc.) frigid and flexible thermopfcstic materials have ^" extruded or injects moWe^o a ^ of 
both struc ura. and sealing materials. A thermoplastic polyvinyl chtoride has been combined " 
the manufacture of PERMASHIELD® brand windows manufactured by Andersen Corporate for many years. This 
vinylctaddtng t^hnology is disclosed in Zaninni, U.S. Patent Nos. 2,926,72g and 3,432,885. The technology disclosed 

40 Sese Stents invokes the extrusion or injection mo.ding of a thin polyvinyl chtorWe coating or envelope loosely 
formed around a shaped wooden structural member. 
SS] Teporyviny'chtoride thermoplastic materialshavealsobee^ 
Stelnftfaiidsresultedinamatemlthatcanbedirectfye 

about 500 000 or less Such members also tailed to have adequate compressive strength, coefficient of thermal ex- 
Pa^^efficientot elasticity, fastener retention or other usefu. properties required for use in many constructs 

[SfeT^'re recent*, U.S. Paten, Nos. 5.486.553. 5.539.027. 5,406,768. 5.497.594. 5,441 ,801 ^18^677 as- 
SgnS to Andersen Corporation, disclose the use o. a thermoplastfc such as pofyviny. chkx.de and 
purpose of manufacturing a high strength composite material in the FIBREX® brand matenals ^hnology^Su* < om , 
3Ts are useful in the manufacture of a structural member such as a hollow profile that can be used .n window and 
E£ZE£ tS~ materials have a high modu.us (600.000 psi or more) and can be easily 
sealed and installed. These unique high strength materials have had substantial success w,th respect to ,he.r use ,n 

and have had substantial success in a variety ot applications. Further extensions ol thermoplastic polymer technology 
are useful tor other applications. A need exists to obtain materials having enhanced properties. 
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Brief Discussion of the Invention 

[0008] We have found that a superior structural foamed material can be used to form a member which can be used 
as a replacement for stone, wood, glass and metal members. The member comprise a thermoplastic foam comprising 

s a foamed composite comprising a thermoplastic polymer and a wood fiber. The wood fiber can be derived from either 
soft woods or evergreens or from hard woods commonly known as broad leaf deciduous trees. Soft woods are generally 
preferred for fiber manufacture because the resulting fibers are longer, contain high percentages of lignin and lower 
percentages of hemicellulose than hard woods. Additional fiber make-up can be derived from a number of secondary 
or fiber reclaim sources including bamboo, rice, sugar cane, and recycled fibers from newspapers, boxes, computer 

10 printouts, etc. One preferred source of wood fiber of this invention comprises the wood fiber product or by-product of 
sawing or milling soft woods. A quality fiber can be made by milling and a by-product of milling commonly known as 
sawdust or milling tailings can be used. 

[0009] A large variety of thermoplastic polymer or resins can be used in the foamed composite materials of the 
invention. For the purpose of this application, a useful resin is a general term covering a thermoplastic that may or may 

75 not contain an additional filler or reinforcing material, other than wood fiber, that have mechanical, chemical and thermal 
properties suitable for use as structural components, machine components and chemical processing equipment com- 
ponents. We have found that the resins useful in the invention include both condensation polymeric materials and vinyl 
polymeric materials. The foamed material can provide improved thermal and physical properties. A large variety of 
vinyl polymeric materials can be used in the composite materials can be used in the composite materials of the invention. 

20 Useful vinyl polymers are polymers made by homopolymerization, copolymerization or te (polymerization methods. 
Condensation polymer resins can also be used in the composite materials of the invention . 

[0010] The properties enhanced in the foamed composite include resistance to shrinkage, and improved COTE, 
compressive strength and fastener retention. Such a material display properties rendering the structural member ideal 
for industrial, commercial and household construction applications. The materials have acceptable thermal properties 

25 including a minimal coefficient of thermal expansion, minimal shrink and minimal heat distortion. Further, the materials 
can be easily manufactured, assembled into a useful structure and can be easily installed. For the purpose of this 
patent application the term "extrusion mass" indicates material processed by an extruder resulting in the foamed thermal 
plastic wood fiber composite. The extrusion mass can comprise a blend of powder, flaked or petletized thermoplastic 
discrete wood fibers and a separate blowing agent each component mixed together to form a final extrusion mass. 

30 Alternatively, the extrusion mass can comprise a preformed pellet comprising thermoplastic, wood fiber and blowing 
agent preformed and a preextruded in a pellet composition. Alternatively, the extrusion mass can comprise a thermo- 
plastic wood fiber pellet dry blended with a blowing agent. Alternatively, the extrusion mass can comprise the thermo- 
plastic with the blowing agent dissolved or dispersed in the thermoplastic in the form of a pellet which is then blended 
with a separate wood fiber phase. In other words, the extrusion mass can comprise the thermoplastic, the wood fiber 

35 or the blowing agent in any useful form of an extrudable mass. 

Brief Description of the Drawings 

[0011] Figure 1 is an elevated sideview of a typical sill stop used for the physical property testing discussed in the 
40 specification. 

[0012] Figure 2 is a direct sideview of a typical sill stop as used for the physical property testing discussed in the 
specification. 

[0013] Figure 3 is an isometric end view of a typical mull casing as used for the physical property testing discussed 
in the specification. These structures in Figures 1 -3 are useful as components of fenestration units. 

45 

Detailed Description of the Invention 

Wood Fiber 

so [0014] The primary source for wood fiber of this invention comprises the wood fiber product or by-product of com- 
minuting, sawing or milling wood materials, preferably soft woods. A quality fiber can be made by milling and a by- 
product of milling commonly known as sawdust or milling tailings can be used. Such wood fiber has a regular repro- 
ducible shape and aspect ratio. The fibers based on a random selection of about 100 fibers are commonly at least 
0 05, preferably 0.1 mm in length, about 0.02 to 1 mm in thickness and commonly have an aspect ratio of at least 1.5. 

55 Preferably, the fibers are 0.1 to 5 mm in length with an aspect ratio between 2 and 7, preferably 2.5 to 6. The preferred 
fiber for use in this invention are fibers derived from processes common in the manufacture of windows and doors. 
Wooden members are commonly ripped or sawed to size in a cross grain direction to form appropriate lengths and 
widths of wood materials. The by-product of such sawing operations is a substantial quantity of sawdust. In shaping 
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a regular shaped piece of wood into a useful milled shape, wood is commonly passed through machines which selec- 
tively removes wood from the piece leaving the useful shape. Such milling operations produces substantial quantities 
of sawdust or mill tailing by-products. Lastly, when shaped materials are cut to size and mitered joints, butt pints, 
overlapping joints, mortise and tenon joints are manufactured from pre-shaped wooden members, substantial waste 
s trim is produced Such large trim pieces are commonly cut and machined to convert the larger objects into wood fiber 
having dimensions approximating sawdust or mill tailing dimensions. The wood fiber sources of the invention can be 
blended regardless of particle size and used to make the composite. The fiber stream can be pre-sized to a preferred 
range or can be sized after blending. Further, the fiber can be pre-pelletized before use in composite manufacture. 
[0015] Such sawdust material can contain substantial proportions of compatible waste stream by-products. Such 
io by-products include waste polyvinyl chloride or other thermoplastic or polymeric materials that have been used as 
coating cladding or envelope on wooden members; recycled structural members made from thermoplastic materials 
or composites; polymeric materials from coatings; adhesive components in the form of hot melf adhesrves, solvent 
based adhesives. powdered adhesives. etc.; paints including water based paints, alkyd paints, epoxy paints, etc.; 
preservatives, anti-fungal agents, anti-bacterial agents, insecticides, etc.. and other waste streams common in the 
is manufacture of wooden doors and windows. The total waste stream content of the wood fiber materials is commonly 
less than 25 weight percent (wt %) of the total wood fiber input into the composite product, Of the total waste recycle, 
approximately 10 wt % of that can comprise a thermoplastic. Commonly, the intentional recycle ranges from about 1 
to about 25 wt %. preferably about 2 to about 20 wt %. most commonly from about 3 to about 15 wt % of contaminants 
based on the sawdust. ... 
20 [00161 Moisture control is an important element of manufacturing a usefulformed composite linear extrudate or pellet. 
Moisture can interfere with or change the constancy of the composite and the foamed product. Depending on the 
equipment used and processing conditions, control of the water content of the material can be important in forming a 
successful structural member substantially free of substantial changes in density, internal voids or surface blemishes. 
The concentration of water present in the sawdust during the formation of pellet or foaming of the linear extrudate when 
25 heated can flash from the surface of the newly extruded structural member and can come as a result of a rapW vola- 
tilization form a steam bubble deep in the inferior of the extruded member which can pass from the interior through 
the hot thermoplastic extrudate leaving a substantial flaw. In a similar fashion, surface water can bubble and leave 
cracks bubbles or other surface flaws in the extruded member. Further, engineering resins that are moisture sensrtrve 
should be avoided. Water can react with some condensation polymers resulting in increased melt index (Ml) (Ml as 
30 measured by ASTM 1238) and reduced molecular weight (M n or MJ. 

[00171 Trees when cut depending on relative humidity and season can contain from 30 to 300 wt % water based on 
fiber content. After rough cutting and finishing into sized lumber, seasoned wood can have a water content of from 20 
to 30 wt % based on fiber content. Kiln dried sized lumber cut to length can have a water content typically in the range 
of 8 to 12%. commonly 8 to 1 0 wt % based on fiber. Some wood source, such as poplar or aspen, can have increased 
35 moisture content while some hard woods can have reduced water content 

[0018] Because of the variation in water content of wood fiber source and the sensitivity of extrudate to water content 
control of water to a level of less than 8 wt % in the pellet based on pellet weight is important. For structural members 
extruded in non-vented extrusion process, the pellet should be as dry as possible and have a water content between 
0 01 and 5% preferably less than 1 .5 wt %. When using vented equipment in manufacturing the extruded linear mem- 
40 ber a water'content of less than 8 wt % can be tolerated if processing conditions are such that vented extrusion 
equipment can dry the thermoplastic material prior to the f inal formation of the structural member at the extrusion head. 

Thermoplastic Polymers. Hompolvmers Copolymers and Polymeric Alloys 

45 [0019] A large variety of thermoplastic polymer or resins can be used in the foamed composite materials of the 
invention For the purpose of this application, a useful resin is a general term covering a thermoplastic that may or may 
not contain a filler or reinforcing material that have mechanical, chemical and thermal properties suitable or use as 
structural components, machine components and chemical processing equipment components. We have found that 
the resins useful in the invention include both condensation polymeric materials and vinyl polymeric materals. Included 

so are both vinyl and condensation polymer resins, and alloys thereof, such as acrylonitrile-butadiene-styrene (ABS), 
polyacetyl resins, polyacrylic resins, fluorocarbon resins, nylon, phenoxy resins, polybutylene resins, polyarylether 
such as polyphenylether. potyphenylsulfide materials; polycarbonate materials, chlorinated polyether resins, polyether- 
sulfone resins, polyphenylene oxide resins. polysuMone resins, polyimkle resins, thermoplastic urethane elastomers 
and many other resin materials. Vinyl polymers are typically manufactured by the polymerization of monomers having 

55 an ethylenically unsaturated olefinic group. Condensation polymer resins are typically prepared by a condensation 
polymerization reaction which is typically considered to be astepwise chemical reaction in which two or more molecu es 
combined, often but not necessarily accompanied by the separation of water or some other simple typically volatile 
substance. If a polymer is formed, the process is called potycondensation. 
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Vinyl Polymers 

[0020] A large variety of vinyl polymeric materials can be used in the composite materials can be used in the com- 
posite materials ot the invention. Useful vinyl polymers are polymers made by homopolymerization, copolymerization 

s or terpolymerization methods. Homopolymers include polyolefins such as polyethylene, polypropylene, poly-1 -butene, 
etc., polyvinylchloride, polymethacryiate, polymethylmethacrylate. Also useful are copolymers of alphaolefins with sec- 
ond monomers such as ethylene-propylene copolymers, ethylene-hexylene copolymers, ethylene-methacrylate copol- 
ymers, ethylene-methacrylate copolymers, etc. While homopolymers of styrene are not preferred, coporymeric mate- 
rials made by polymerizing styrene with the second vinyl monomer are useful. 

io [0021] However, a preferred class of thermoplastic include styrenic copolymers. The term styrenic copolymer indi- 
cates that styrene is copolymerized with a second vinyl monomer resulting in a vinyl polymer. Such materials contain 
at least 5 mole percent styrene and the balance being one or more other vinyl monomers. An important class of these 
materials are styrene acrylonitrile (SAN) polymers. SAN polymers are random amorphous linear copolymers produced 
by copolymerizing styrene acrylonitrile and optionally other monomers. Emulsion, suspension and continuous mass 

is polymerization techniques have been used. SAN copolymers possess transparency, excellent thermal properties, good 
chemical resistance and hardness. These polymers are also characterized by their rigidity, dimensional stability and 
load bearing capability. Olefin modified SAN's (OSA polymer materials) and acrylic styrene acrytonitriles (ASA polymer 
materials) are known. These materials are somewhat softer than unmodified SAN's and are ductile, opaque, two phased 
terpolymers that have surprisingly improved weatherability. 

20 [0022] ASA resins are random amorphous terpolymers produced either by mass copolymerization or by graft copo- 
lymerization. In mass copolymerization, an acrylic monomer styrene and acrylonitrile are combined to form a heteric 
terpolymer. In an alternative preparation technique, styrene acrylonitrile oligomers and monomers can be grafted to 
an acrylic elastomer backbone. Such materials are characterized as outdoor weatherable and UV resistant products 
that provide excellent accommodation of color stability property retention and property stability with exterior exposure. 

25 These materials can also be blended or alloyed with a variety of other polymers including polyvinyl chloride, polycar- 
bonate, polymethyl methacrylate and others. An important class of styrene copolymers includes the acrylonitrile-buta- 
diene-styrene monomers. These resins are very versatile family of engineering thermoplastics produced by copolym- 
erizing the three monomers. Each monomer provides an important property to the final terpolymer material. The final 
material has excellent heat resistance, chemical resistance and surface hardness combined with processability, rigidity 

30 and strength. The polymers are also tough and impact resistant. The styrene copolymer family of resins have a melt 
index that ranges from about 0.5 to 25, preferably about 0.5 to 20. 

An important class of engineering resins that can be used in the composites of the invention include acrylic resins. 
Acrylics comprise a broad array of polymers and copolymers in which the major monomeric constituents are an ester 
acrylate or methacrylate. These resins are often provided in the form of hard, clear sheet or pellets. Acrylic monomers 

35 polymerized by free radical processes initiated by typically peroxides, azo compounds or radiant energy. Commercial 
polymer formulations are often provided in which a variety of additives are modifiers used during the polymerization 
provide a specific set of properties for certain applications. Pellets made for resin grade applications are typically made 
either in bulk (continuous solution polymerization), followed by extrusion and pelleting or continuously by polyermization 
in an extruder in which unconverted monomer is removed under reduced pressure and recovered for recycling. Acrylic 

40 plastics are commonly made by using methyl acrylate, methylmethacrylate, higher alkyl acrylates and other copolym- 
erizable vinyl monomers. Preferred acrylic resin materials useful in the composites of the invention has a melt index 
of about 0.5 to 50, preferably about 1 to 30 gm/1 0 min. Polymer blends or polymer alloys can be useful in manufacturing 
the pellet or linear extrudate of the invention. Such albys typically comprise two miscible polymers blended to form a 
uniform composition. Scientific and commercial progress in the area of polymer blends has lead to the realization that 

45 important physical property improvements can be made not by developing new polymer material but by forming miscible 
polymer blends or alloys. A polymer alloy at equilibrium comprises a mixture of two amorphous polymers existing as 
a single phase of intimately mixed segments of the two macro molecular components. Miscible amorphous polymers 
form glasses upon sufficient cooling and a homogeneous or miscible polymer blend exhibits a single, composition 
dependent glass transition temperature (T g ). Immiscible or non-alloyed blend of polymers typically displays two or 

50 more glass transition temperatures associated with immiscible polymer phases. In the simplest cases, the properties 
of polymer alloys reflect a composition weighted average of properties possessed by the components. In general, 
however, the property dependence on composition varies in a complex way with a particular property, the nature of 
the components (glassy, rubbery or semi-crystalline), the thermodynamic state of the blend, and its mechanical state 
whether molecules and phases are oriented. The primary requirement for the substantially thermoplastic engineering 

55 resin material is that it retain sufficient thermoplastic properties to permit melt blending with wood fiber, permit formation 
of linear extrudate pellets, and to permit the composition material or pellet to be extruded or injection molded in a 
thermoplastic process forming the rigid structural member. Engineering resin and resin alloys are available from a 
number of manufacturers including B.F. Goodrich, G.E., Dow, and Dupont. 
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Condensation Polymer Resins 
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r00231 Condensation polymer resins that can be used in the composite materials of the invention include polyam.des. 
polyamide-imide polymers, polyarylsullones. polycarbonate, polybutylene terephthatate, polybutylene 
oolvetherimides.polyethersultones. polyethylene terephthalate, thermoplastic polyimides, polyphenylene etherblends, 
polyphenylene sulfide, polysulfones. thermoplastic polyurethanes andothers. Preferredcondensat.on engineering res- 
ins include polycarbonate materials, polyphenyleneoxide materials, and polyester materials including polyethylene 
terephthalate. polybutylene terephthalate, polyethylene naphthalate and polybutylene naphthalate materials. 
r00241 Polycarbonate engineering resins are high performance, amorphous engineering thermoplastics having high 
impact strength, clarity, heat resistance and dimensional stability. Polycarbonates are generally classified as a polyester 
or carbonic acid with organic hydroxy compounds. The most common polycarbonates are based on phenol A as a 
hydroxy compound copolymerized with carbonic acid. Materials are often made by the reaction of a b.sphenol A with 
ohosqene (COCW . Polycarbonates can be made with phthalate monomers introduced into the polymerization extruder 
to improve properties such as heat resistance, further trifunctional materials can also be used to increase melt strength 
or extrusion blow molded materials. Polycarbonates can often be used as a versatile blending material as a component 
with other commercial polymers in the manufacture of alloys. Polycarbonates can be combined with polyethylene 
terephthalate aciytonitrile-butadiene-styrene resins, styrene maleic anhydride resins and others. Preferred alloys com- 
prise a styrene copolymer and a polycarbonate. Preferred melt tor the polycarbonate matenals should be indices be- 
tween 0.5 and 7, preferably between 1 and 5 gms/10 min. 

100251 A variety of polyester condensation polymer materials including polyethylene terephthalate. polybutylene 
terephthalate, polyethylene naphthalate. polybutylene naphthalate. etc. can be useful in the engineenng resin wood 
fiber thermoplastic composites of the invention. Polyethylene terephthalate and polybutylene terephthalate are high 
performance condensation polymer materials. Such polymers often made by a copolymerization between a diol eth- 
ylene qlycol 1 4-butane diol) with dimethyl terephthalate or 2,6 dicarboxy naphthalene. In the polymenzaton of the 
25 material the polymerization mixture is heatedtohigh temperature resulting in the transesterification reaction releasing 
methanol andresulting in the formation of the engineering plastic. Similarly, polyethylene naphthalate and polybutylene 
naphthalate materials can be made by copolymerizing as above using as an acid source, a naphthalene °'«rboxyl.c 
acid The naphthalate thermoplastics have a higher T g and higher stability at high temperature compared to the tereph- 
thalate materials. However, all these polyester materials are useful in the composite structural matenals ol the invention. 
30 Such materials have a preferred molecular weight characterized by melt flow properties. Useful polyester materials 
have a viscosity at 265'C of about 500-2000 centipoise (cp). preferably about 800-1 300 cp. 

100261 Polyphenylene oxide materials are engineering thermoplastics that are useful at temperature ranges as high 
as 330°C Polyphenylene oxide has excellent mechanical properties, dimensional stability, and dielectric characteris- 
tics Commonly, phenylene oxides are manufactured and sold as polymer alloys or blends when combmed with other 
35 polymers or fiber. Polyphenylene oxide typically comprises a homopolymer of 2.6-dimethyl-1-phenol. The polymer 
commonly known as poly(oxy-(2,6-dimethy!-1 ,4-phenylene)). Polyphenylene is often used as an alloy or blend with a 
polyamide. typically nylon 6-6. alloys with polystyrene or high impact styrene and others^ A pre e rrec '™» 
the polyphenylene oxide material useful in the invention typically ranges from about 1 to 20. preferably about 5 to 1 0 
gm/10 min. The melt viscosity is about 1000 at 265°C. 
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Foaming 



100271 Foamed thermoplastics are typically made by dispersing or expanding a gaseous phase throughout a liquid 
polymer phase to create a foam comprising a polymer component and a included gas component in a closed or open 
structure The presentation of the resultant foamed state is important to maintaining the des,red structural properties. 
The most common process involves an expansion of foamed thermoplastic materials. The expanston process typically 
involves three steps. First, small discontinuities or cells are created in a fluid or plastic phase These discontinuities 
are grown to desired volume to produce a cell structure. The cell structure is then stabilized by physical (cooling) or 
chemical (crosslinking) means to form the resultant foamed or cellularly polymer structure. . 
f00281 Virtually all thermoplastic foams are blown with inert gas foaming agents or decomposing chemical blowing 
agents. Such agents commonly foam using inert gases such as nitrogen or carb oo dioxide, hydrc*arb«is obtaining 
3 to 5 carbon atoms, chlorinated hydrocarbons and chlomfluorocarbons such as CFC-11. CFC-12. CFC-113 CFC- 
114 Chemical blowing agents operate by decomposition at elevated temperatures to an inert gas. Physical blowing 
agents operate by dissolving or dispersing in the plastic or melt polymer liquid phase and as pressure is released, 
flashing into the gaseous state creating the growth of the cellular structure. In the application of this invention^ 
preferred blowing agents are conventional diazo blowing agents which on decomposition yield nitrogen, an eflective 
inert blowing agent that creates a cellular structure throughout the polymeric/wood fiber composite material. More 
specifically, blowing agents that can be used in the process ol the invention include chemical blowing agents such as 
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organic or inorganic bicarbonates or oxylates, azcxhemicals, hydrozides, and amine nitrates. Low boiling liquids which 
caTproduce gas by vaporization in lower pressure zones include carbon dioxide, aliphatic hydrocarbons such as 
propane butane, pentane and isomers thereof. Chorinated and ftuorinated hydrocarbons such as methylene chlonde, 
dichbro^difluoromethane and monochlorotrifluoromethane are useful. The blowing agent is typically mixed with the 
thermoplastic materials in well known processes. Generally, chemical blowing agents are mixed with thermoplastic 
pellets or powders before introduction of the blended material into an extruder inlet. Physical blowing agents can be 
metered into the melt polymer in the extruder for intimate mixing prior tof oaming in a lower pressure zone. Such blowing 
procedures are a well known process understood by one of ordinary skill in the art. Careful control of the blowing agent 
addition and extrusion temperature is necessary to insure that foaming occurs in the correct time and place and blowing 
agent is not wasted. 

Examples 

Foamed PVC-Wood Fiber Composite Formulation 

[0029] All foam PVC wood fiber composite testing has been completed using material produced as follows: 

. 75 pounds per hour feed rate of standard PVC wood fiber composite pellets (see U.S. Patent Nos. 5,486,553, 
5 539 027 5 406 768, 5,497,594, 5,441,801 and 5,518,677 for pellet information) 
20 . cof eeding of about 1 3.5 grams per minute of Reedy International AP-40 (nitrogen (N^ gas generating azide agent) 
blowing agent (1.786 Ib/hr, 2.38%) , Q7<y , 
• cofeeding of about 36.1 grams per minute of Rohm & Haas Paraloid K-415 acrylic modifier (4.776 Ibs/hr, 6.37 %). 
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Extruder Operating Conditions 

[0030] Materials used and representative extruder operating conditions for manufacturing the foamed PVC/wood 
fiber composite are shown in the following table. 



Substrate description, density 


Standard PVC Wood fiber pellets 60% PVC, 40% Wood fiber - density=0.6915 


Extruder Zone 


Temperature in °C 


Barrel Zone 1 


175.0 


Barrel Zone 2 


175.0 


Barrel Zone 3 


185.0 


Barrel Zone 4 


185.0 


Die Zone 1 


185.0 j 


Die Zone 2 


185.0 


Die Zone 3 


185.0 


Screw Oil 


185.0 


Die Melt Temp 


199.0 


Motor Screw Pot 


250.0 


other conditions: 




Motor Screw RPM 


10.10 


AMPS 


r 60.00 


Head Pressure 


2840 psi 


Vacuum at Vent Port 


| 10.00 psi 


Feeding Method 


SCHENCK 


Feed Rate (Ib/hr) 


75.00 


Puller Pot 


395.0 



50 
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(continued) 



Substrate description, density 


Standard PVC Wood fiber pellets 60% PVC. 40% Wood fiber - density=0.69l5 


Puller RPM 


6.600 


Production Speed (inches/min) 


48.50 


(grams/foot) 


156.0 


(Lbs/hr) 


83.00 


Vacuum Calibrator Block 


6.000 psi 


Vacuum First Tank 


1.000 psi 


Coolina Water Temperature (°F) 


45.00 psi 


Ho-Extrusion Use 


CAPPING layer 


CoEx Zone 1 Temp 


180.0 °C 


CoEx Zone 2 Temp 


180.0 °C 


CoEx Zone 3 Temp 


180.0 °C 


CoEx Zone 4 Temp 


180.0 °C 


CoEx Adaptor Temp 


180.0 °C 


Motor Screw RPM 


7.100 


Motor Screw AMPS 


8.600 


CoEx Head Pressure 


7940 psi 
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Coefficient of Linear Thermal Expansion 

[0031] Various polymers were tested for linear thermal expansion (ASTM No. D 696- 91 e1 ). Each polymer was 
traded as a mull casing tor this test. The results of this testing are summarized in the table: 
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Summary Table 



Identification 


Thermal Coefficient of Expansion (C.O.E.) 


GEON® 87020 (standard cellular PVC; no fiber) 


3.30 x1u & 


70%PVC-30%wood fiber 


2.18 Xlv 3 


80%PVC-20%wood fiber 


2.81 X10" 5 


60%PVC-40%wood fiber (50 mesh) 


1.83 X1CT 5 


60%PVC-40%wood fiber (planar shavings) 


1.86 X10" 5 


80%PVC-20%wood fiber (50 mesh) 


2.57x1 0" 5 


80%PVC-20%wood fiber (planar shavings) 


2.63 x10* 5 


PVC (GEON®) formulation 


3.15 x10" 5 


PVC - wood fiber composite formulation (no foam) 


1.74 x10" 5 



[0032] The foamed wood fiber composite is more thermally stable than unfoamed PVC wood fiber composite and is 
,„ more thermally stable than PVC. Both these materials have larger coefficients of thermal expansion than the foamed 
material. The advantage of a reduced coefficient of thermal expansion is a window that will fit in a window opening and 
weather more reliably. 



Deckino Bend Test 

[00331 A decking bend test using a sixteen inch span was conducted to determine the lateral strength of various 
polymers by using an INSTRON force/displacement data set with three point testing. The tests were conducted on 16 
inch long samples with cross sectional dimensions of 0.688x 2.078 inches. A standard force was appl.ed to the mid- 
point and increased until a 0.25 inch displacement was obtained. This force and a calculated bung's Modulus was 
recorded for each test. The table below gives the toad in pounds-force (lbs) and Young's Modulus tor each sample 
material with a predetermined deflection of 0.25 inches. (ASTM Test No. D-1037 - 96a) 



Sample Identification 


Load at 0.25" deflection (Ib-f) 


Young's Modulus (psi) 


Finger jointed /painted /edge glued /veneer wrapped 
(wood) 


193.88 


1,196,140 


Free foam PVC-Wood Fiber (no cap) 


35.33 


213.768 


0 060" PVC-Wood Fiber shell with cap 


53.64 


325,631 


Free foam PVC with cap 


32.17 


190,275 


Foam core 


58.44 


350,268 



so 



[0034] While the foamed material does not have as much strength as wood or unfoamed composite, its properties 
are sufficient for use as decking and typical residential construction applications. 

Retention Force Test 

r0035] Retention force testing was conducted on loamed PVC-wood fiber composite using a Model 5500R INSTRON 
with a 1000 pound load cell and a crosshead speed of 0.200 inches per minute. Fasteners were inserted narrow- 
wise* meaning insertion through the vinyl capstock, PVC-wood fiber composite and out through the capstock on the 
other'side A screw-gun operating at low RPM with a guiding sleeve was used to insert No. 8 x 2 inch galvanized deck 
screws, both with and without pilot holes. Nails were also tested, using 4D finish nails driven by hand with a hammer. 
In all tests, Ponderosa Pine was used as a control reference. 
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ss 



Standard Deviation 
(for breaking energy) 


o 


Os 
oo 


Os 


rn 


r* 


r* 
ri 


Energy to Break 
(in-lbs) 


72.2 


52.7 


54.6 


48.6 


00 
(N 


n 


Standard Deviation 
(for displacement) 


© 


0.013 


0.010 


0.008 


0.010 


0.006 


Peak Displacement 
(inches) 


0.094 


0.072 


0\ 

o 
d 


j 0.080 


0.024 


0.015 


Steindard 
Deviation 
(for load) 


CM 


O 




m 






Peak Load 
(lbs) 


r» 




o 

OO 
^" 


(N 


io 

oo 


oo 

VO 


Sample 


Deck screw, 
foamed PVC-wood 
fiber composite, no 
oilot 


Deck screw, pine, 
no pilot 


Deck screw, 
foamed PVC-wood 
fiber composite, 
oilot 


Deck screw, pine, 
oilot 


nail, foamed PVC- 
wood fiber 
composite 


Nail, pine 
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[0036] The properties of the foamed composite material in retaining a lastener such as a screw or nail is substantially 
the same (within test variation) as pine. The result is surprising in view ot the toam nature of the composite and the 
solid nature of pine members. 



Strio-out Test 
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[0037] Strip-out testing was conducted on toamed PVC-wood fiber composite using a screw-gun operating at low 
RPM with a guiding sleeve to insert Na 8 x 2 inch galvanized deck screws, both with and without pilot holes. A hand- 
held torque wrench was used to determine the strip-out torque. Each screw was driven through both a spacer block 
and the tesi block in order to ensure thread engagement throughout the sample. 



Sample 


Average Strip-out Torque (in-lbs) 


Standard Deviation 


deck screw, PVC-wood fiber composite, no pilot 


28.1 


2.1 


deck screw, pine, no pilot 


25.4 


2.1 


deck screw, PVC-wood fiber composite, pilot 


26.5 


2.1 


deck screw, pine, pilot 


25.2 


0.4 



[0038] Similar to the retention test, the strips test shows that the foamed composite materials are equivalent to 
pine members in structural integrity when combined in a nailed or screwed structure. 



Shrinkaae test 


1R0° F air oven 


Material 


Percent (%) Shrinkage 


Comments 


Gossen foam brick mold 


1.86 


commercially produced foam PVC profiles 


Extrutech Plastics, Inc 


2.3 


commercially produced foam PVC profiles 


foam PVC (GEON® 87020) vent sill stop 
profile 


1.9 




Foam PVC (GEON® 87020) with capping 
(0.010") 2" mull casing profile (Fig. 3) 


1.25 




Foam PVC-wood fiber composite vent sill 
stop profile 


0 


not measurable 


Foam PVC-wood fiber composite side 
stop profile 


0 


not measurable 


Foam PVC-wood fiber composite 2' mull 
casing profile 


n/a 


profile distorted badly (bowed), 
measurement not taken 


Foam PVC (GEON® 87020) with capping 
(0.010*) 2" mull casing profile (Fig. 3) 


1.25 




Notes: . 

• ASTM D4726 PVC profiles used for windows and doors allow up to 2.2 percent maximum shrinkage - Test Method 

is ASTM D1042- 60 min. heat @ 180°F Air oven 

• Running average of Standard pellet composite profile extrusion is about 0.4 percent 

• Typical average for non-composite PVC extrusion about 2 percent 



The shrinkage values for the foamed PVC/wood fiber composite of the invention were very low. The shrinkage was 
smaller than measurable in a standard test specimen of a ten inch famed piece. Standard PVC (no fiber or foam) shrink 
about 1.8 to 2.2% under standard test conditions. Standard PVC/wood fiber composite shrinks about 0.4% under 
standard test conditions. In our testing, we found that the coefficient of thermal expansion for foamed composite ma- 
terials was greater than for non-foamed composite. We expected the shrinkage tor foamed composite to be greater 
than that for non-foamed composite. The substantial absence of shrinkage in the foamed composite was a surprise. 
[0039] The above specification test data and examples provide a basis tor understanding the means and bounds of 
the invention however, the invention can have many embodiments which do not depart from the spirit and scope of 
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the invention. The invention is embodied in the claims hereinafter appended. 



Claims 

1 . A process for forming a foamed composite, the composite comprising a vinyl polymer composition and a reinforcing 
wood fiber, the process comprising the steps of: 

(a) introducing an extrusion mass comprising a polymeric composition, a source of wood fiber and an agent 
capable of foaming the polymeric composition, into an extruder path comprising a barrel, at least one screw 
drive, the path additionally comprising a moisture vent positioned between a first heated zone having a tem- 
perature of about 165 to 190°C and a second heated zone having a temperature of about 165 to 190°C, the 
extrusion path leading to a mandrel and a shaping die comprising a calibration gauge; 

(b) forming a foamed member from the extrusion mass in the die; and 

(c) contacting a surface of the solid foamed member in the gauge with a liquid, forming a member with at least 
a portion of its surface having a smooth hard character 

2. A process as claimed in claim 1 wherein the extrusion mass is sheared and heated to at least 1 00° C before reaching 
the moisture vent. 

3. A process as claimed in claim 1 or 2 wherein after the moisture vent the extrusion mass is heated above its melting 
point and forms a molten extrusion mass that prevents escape of foaming gasses through the moisture vent. 

4. A process as claimed in any preceding claim wherein the temperature of the extrusion mass does not exceed the 
decomposition temperature of the foaming agent until the molten extrusion mass forms. 

5. A process as claimed in claim 4 wherein the decomposition temperature is greater than 1 50*0. 

6. A process as claimed in any preceding claim wherein the polymeric composition comprises a vinyl polymer com- 
prising vinyl chloride. 

7. A process as claimed in any preceding claim wherein the extruder path comprises means, proximate the mandrel, 
to relieve gas pressure forming in the die. 

8. A process as claimed in any preceding claim wherein the extrusion mass comprises the agent and a thermoplastic 
pellet comprising the polymeric composition intimately blended with the fiber. 

9. A process as claimed in any preceding claim wherein the extrusion mass comprises an acrylic polymer agent to 
stabilise the foam, the foaming agent and a thermoplastic pellet comprising the polymeric composition intimately 
blended with the fiber. 

10. A process as claimed in any preceding claim wherein the member is a hollow member or a solid member. 

11. A process as claimed in any preceding claim wherein the calibration gauge comprises a calibration block. 

12. A process as claimed in claim 1 wherein the agent comprises a nitrogen generating blowing agent or a carbon 
dioxide generating blowing agent or mixtures thereof. 

13. A process as claimed in any preceding claim wherein the mandrel and die are maintained at a temperature of 
about 170 to 230°C. 

14. A process as claimed in any preceding claim wherein the liquid comprises water. 

15. A foamed composite member comprising vinyl polymer and a wood fiber in the form of a foamed composite struc- 
tural member comprising an open cell structure, the member suitable for use as a replacement for a wood structural 
member, the composite member comprising about 90 to 50wt% of vinyl polymer and 10 to 50 wt% of the wood 
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fiber, the open cell structure resulting from cell interaction with fiber in the composite, the composite member having 
a coefficient of thermal expansion less than about 3*ia 5 in/in-°F, a shrinkage of less than about 2% of an original 
dimension and an average fastener retention of at least about 70% of a substantially similar pine member. 

5 16. A composite member as claimed in claim 1 5 comprising about BO to 60wt% of polymer and 20 to 40wt% of the fiber. 

17. A composite member as claimed in claim 15 or 16 wherein the member is a hollow member or a solid member. 

1 8. A composite member as claim ed in any of claims 1 5 to 1 7 having a rectangu lar cross-section with a major dimension 
io greater than about 1 centimetre. 

19. A composite member as claimed in any of claims 15 to 17 having a square cross-section with a minor dimension 
greater than about 1 centimetre. 

is 20. A composite member as claimed in any of claims 15 to 19 wherein the member comprises a deck plank. 

21. A composite member as claimed in claim 20 wherein the deck plank is a member having finished dimensions of 
at least about 2 inches in depth and 1 2 inches in width. 

20 22. A composite member as claimed in any of claims 15 to 21 wherein the member comprises residential sliding. 

23. A composite member as claimed in claim 22 wherein the sliding member comprises a fastener web, a viewable 
surface feature and an interlocking kerf. 

25 24. A composite member as claimed in claim 23 wherein the viewable surface comprises a flat surface or a wood grain 
surface. 

25. A composite member as claimed in any of claims 1 5 to 24 having a shaped cross-section. 

30 26. A composite member as claimed in any of claims 15 to 25 comprising a window or door track, a window sash, a 
trim member, or a window stop. 

27. A composite member as claimed in any of claims 15 to 26 comprising a Young's modulus greater than about 
250000psi. 

35 

28. A composite member as claimed in any of claims 1 5 to 27 comprising a coefficient of thermal expansion between 
0. 1 0- 5 and 3»1 0* 5 in/in-°F. 

29. A composite member as claimed in any of claims 1 5 to 28 wherein the surface of the member comprises a region 
40 comprising a foamed surface and a region comprising a hard smooth surface. # 

30. A composite member as claimed in any of claims 15 to 29 having a surface capstock layer with a thickness of 
about 1 to 100 mils. 

45 31. a composite member as claimed in any of claims 15 to 30 wherein the polymeric composition comprises a vinyl 
polymer comprising vinyl chloride. 

32. A structural unit comprising at least two structural members as claimed in any of claims 15 to 31 attached at a 
mechanically secure joint. 

so 



55 
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